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GAS-LIQUID SEPARATOR 

The invention is related to a gas -liquid separator 
comprising two or more vertically spaced rows of parallel 
horizontally spaced upwardly facing gutters, said gutters 
having an upwardly extending gutter wall. 

Such a gas-liquid separator is known from 
US-A-4361469 and is also described in US-A-5695548 and in 
Trans IChemE, vol. 77, Part A, October, pages 619-626. 
According to US-A-4361469 the disclosed gas-liquid 
separator consists of a plurality of vertically spaced 
rows or levels of horizontally spaced parallel gutters. 
The individual gutters are each in the form of an 
elongate open top gutter of rectangular cross section 
having a bottom and side walls. The gutters are spaced 
apart vertically and horizontally. In use an up-flowing 
gas-liquid mixture having entrained liquid droplets 
carried thereby will vertically pass the rows of gutters. 
Because of the changes in flow direction, due to the 
particular gutter configuration, the gas-liquid mixture 
is thrust against the gutters, thereby separating the 
liquid droplets from the mixture. The liquid thereby 
falls into the open upper side of the gutters. Because 
the gutters are somewhat tilted the liquid will flow to 
the lower end of the gutter, at which point the liquid 
can be collected and transported to a lower level without 
being de-entrained by the upwardly moving gas and liquid. 

A disadvantage of the gas-liquid separator is that 
the liquid separation is not satisfactory. The object of 
the present invention is to improve the separation 
efficiency of the gas-liquid separator as described 
above . 
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This objective is achieved by the following gas- 
liquid separator. Gas-liquid separator comprising two or 
more vertically spaced rows of parallel horizontally 
spaced upwardly facing gutters, said gutters having an 
upwardly extending gutter wall, wherein the upper end of 
the gutter wall is provided with a U-turn deflector. 

It has been found that the gas-liquid separator 
according to the invention shows an improved separation 
efficiency as compared to the gas-liquid separator as 
disclosed in the prior art. Without being bound to the 
following theory applicant believes that the improved 
separation efficiency is attributed to the fact that 
droplets which accumulate on the outside wall of the 
gutter will be less re-entrained at the upper end of the 
gutter wail by the upwardly moving gas because of the 
presence of the U-turn deflectors. Additionally some 
secondary gas will also be deflected by the U-turn 
deflector, thereby positiyely influencing the flow of 
liquid from the outside gutter wall into the interior of 
the gutter. 

The gas-liquid separator according to the present 
invention may find application as a stand alone separator 
application, wherein the separator forms part of a vessel 
provided with a gas-liquid inlet and a liquid outlet at 
its lower end and a gas outlet at its upper end and means 
to transport the separated liquid downwards from the 
gutters to the liquid outlet, such that the downwards 
moving liquid is not obstructed by up-flowing gas-liquid 
mixture. Such a means can be a downcomer positioned near 
the vessel wall. To further improve the gas-liquid 
separation the vessel may be suitably provided with a 
coalescer below the gutter device. The gutter separator 
will be provided with means to transport the liquid 
downwards to the liquid outlet. The gas-liquid inlet may 
be a device, which enhances a first gas-liquid separation 
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as for example a Shell Schoepentoeter (Shell 
Schoepentoeter is a trademark) . GB-A-1119699 describes 
such a Shell Schoepentoeter. 

The gas-liquid separator according to the present 
5 invention may also be suitably used in a gas-liquid 

contacting column, wherein gas and liquid are contacted 
counter-currently. Preferred gas-liquid contacting 
columns are distillation and absorption columns. In 
absorption processes a downwardly moving liquid is 

10 contacted with a upwardly moving gas and one or more 

components is transferred from the gas to the liquid or 
vice versa. In a distillation process one or more 
components are separated from a feed due to differences 
in their boiling points. In a distillation process the 

15 feed is typically supplied to an intermediate position in 

the column, wherein trays are present above and below 
said inlet position. Such a column is further provided 
with reboiler, condensation and reflux means. The 
preferred Column for counter-currently contacting gas. and 

20 liquid has inlets and outlets for fluids, is provided 

with a plurality of horizontal contact trays arranged 
axially spaced apart in the column, each contact tray 
being provided with passages, and which column is further 
provided with a plurality of horizontal separation trays 

25 comprising the separator according to the present 

invention and means for removing liquid from the 
separation tray to a lower position, each separation tray 
being arranged above a contact tray. The configuration of 
separation and contacting trays is known from the 

30 aforementioned US-A-4361469 and US-A-5695548 . The column 

provided with the improved separation device according to 
the invention will achieve a better performance. The 
improvement in performance is that the maximum gas flow 
rate through the column is higher, wherein the maximum 
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gas flow rate is the gas flow rate at which entrainmerit 
of liquid by the upwards flowing gas starts. 

The gas-liquid separator may also be advantageously 
be used as separator tray in the gas-liquid contacting 
5 column of EP-A-751808. This column is provided with a 

plurality of contact trays, wherein above a contact tray 
a separation tray is provided. Said separation tray is 
provided with swirl tubes to achieve the gas-liquid 
separation. This tray is also referred to as a "swirl 
10 deck". The present separator has the advantage over the 

swirl deck in that it is much more simple to fabricate, 
requires less column height to install and has a lower 
pressure drop when in use. 

Preferably the gas-liquid separator according to the 
15 invention comprises of two or more vertically spaced rows 

of gutters. In a gas-liquid separator application the 
maximum number of rows will be determined by the required 
separation efficiency required from the gutter separator 
according to the invention. If the gutter separator is 
20 used in gas-liquid contacting column, as described above 

in more detail, the number of rows will preferably be 
from 2 to 8, more preferably from 2 to 4 . More rows are 
possible. However this would require more column height. 
The gutters of one row may run parallel or non- 
25 parallel to the gutters of a next or further vertically 
spaced row. For fabrication reasons the gutters of the 
different vertically spaced rows will suitably run 
parallel with respect to each other. The gutters may have 
any cross-sectional design, provided that they are open 
30 at its upper side and closed at its lower side and 

provided with a side-wall which terminates at its upper 
end. Examples of suitable cross-sectional designs are the 
0-form, the V-form and the designs disclosed in 
US-A-4361469. The dimensions of the gutters and the 
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distance between the gutters in one row and the distance 
between rows may be as disclosed in US-A-4361469 . 

The gutters may be positioned horizontally but are 
preferably tilted such that the liquid can more freely 
5 flow to the side of the separator as for example 

described in US-A-4361469. Preferably the gutters are not 
tilted to much because then the separator would become to 
high. An optimal angle can be easily determined by one 
skilled in the art based on these considerations. The U- 

10 turn deflector may run along the entire gutter wall or 

may be present at regular intervals . Preferably the U- 
turn deflector is present along substantially the entire 
length of both of the upwardly extending gutter walls. 
The design of the U-turn deflector should be such 

15 that re-entrainment of liquid flowing upwards on the 

outer wall of the gutter is avoided and that this liquid 
and the secondary gas is guided into the gutter. For this 
reason. the U-turn deflector is spaced away from the upper 
end of the gutter walls, thereby allowing an opening 

20 between the U-turn deflector and the upper end of the 

gutter wall for passage of liquid and secondary gas. The 
U-turn deflector can have a curved or hooked design. The 
deflector can be fixed to the gutter by means of for 
example welding. 

25 The invention will be further illustrated by making 

use of Figure 1-6. 

Figure 1 shows a cross-sectional view of three 
vertically spaced rows (1, 2, 3) of gutters (4) . The 
gutters (4) have a boxed design which gutter has two 

30 upwardly extending elongated gutter walls, each wall 

provided with a U-turn deflector (5) . 

Figure 2 shows an individual boxed design gutter (4) 
provided with U-turn deflector (5) . Figure 3 shows a 
V-shaped gutter (4) provided with U-turn deflector (5) . 



WO 02/074404 PCT/EP02/03075 

- 6 - 

« • 

Figure 4 shows how a stream (6) of -gas and liquid 
droplets will flow along the gutter (4). As shown 
droplets accumulate on the gutter wall as a liquid 
film (8) which flows upwards along the gutter wall. The 
U-turn deflectors (5) avoid that this liquid film re- 
entrains from the gutter. Instead the liquid from the 
film flows into the gutter via (9) . Some secondary 
gas (7) enhances this flow. 

Figure 5 shows a gas-liquid separator provided with 
the gutter separator according to the invention. The 
separator vessel (10) is provided with 4 vertically 
spaced rows (11, 12, 13, 14) of parallel and horizontally 
spaced tilted gutters (4) . The vessel is also provided 
with an inlet device (15) according to Figure 4 of GB-A-. 
1119699 to supply the gas liquid mixture, a liquid outlet 
(16) fluidly connected to the lower end of the gutters 
(4) via downcomer (17) and a gas outlet (18) . Below the 
gutters a coalescer (21) is provided to increase liquid 
droplet size in the up-flowing gas-liquid mixture. 

Figure 6 shows part of a counter-current gas-liquid 
contacting column (22) provided with horizontal contact 
trays (23), (24) and (25) arranged axially spaced apart 
in the column (22). The horizontal contact trays (23), 
(24) and (25) are so-called sieve trays. A sieve tray is 
a flat plate provided with passages in the form of holes 
in it; for the sake of clarity the holes in the plates 
have not been referred to by reference numerals. For the 
present invention the design of the contact tray is not 
critical. For example instead of a sieve tray, a 
contacting tray comprising gutters as described in the 
aforementioned US-A-5695548 may also be used. The 
horizontal contact trays (23), (24) and (25) are. provided 
with downcomers (26), (27) and (28) respectively. Such a 
downcomer, which is not disclosed in the aforementioned 
US-A-4 3614 69, has been found advantageous to achieve a 
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easy start-up of such a column. The downcomer (28) opens 
below the contact tray (25) onto the next lower contact 
tray (not shown), and so on. In practice the downcomer 
pertaining to lowermost separation tray of the column 
5 will open into the lower part of the column. 

The column (22) is provided with a gas inlet and a 
liquid outlet arranged in its lower end and a liquid 
inlet and a gas outlet arranged in its upper end; the gas 
inlet, the liquid outlet, the liquid inlet and the gas 

10 outlet are not shown in Figure 6. 

Column (22) is furthermore provided with horizontal 
separation trays (29), (30) and (31), each separation 
tray (29), (30) and (31) being arranged below a contact 
tray (23), (24) and (25). The separation trays (29), (30) 

15 and (31) consist of three vertically spaced rows of 

gutters (4) . The U-turn deflector are present but not 
shown in this Figure for clarity reasons. Each separation 
tray (29) , (30) and (31) is furthermore provided with 
means for removing liquid from the separation tray in the 

20 form of a downcomer (32), (33) and (34). The 

downcomer (32) of separation tray (29) opens via 
downcomer (27) on the second contact tray (25) below the 
separation tray (24), and so on. 

The invention will be illustrated with the following 

25 non-limiting examples. 

Example 1 

A test set up (35) as illustrated in Figure 7 was 
used to test the separator according to the invention. In 
this test set up water was supplied at a rate of 4.25 
30 per hour via (36) to a tray (37) provided with atomisers 

(38) . Air was supplied from below the tray to atomisers 
(38) resulting in an upwardly moving water-droplets/air 
mixture (39) . Water was separated from this mixture (39) 
in U-gutter separation deck (40) . Separation deck (40) 
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consisted of 4 vertically spaced rows of gutters. The 
number of parallel oriented gutters was 3, 4,. 3, and 4 
respectively, counting from below. The V-shaped gutters 
were provided with an U-turn deflector along the entire 
length of both upper ends of the upwardly pointed gutter 
walls. The separated water was collected in vessel (41) 
and air poor in water (42) was allowed to move upwards 
above separation deck (40) . The ratio of water led into 
the column to the amount of water collected in vessel 
(41) was defined as the separation efficiency (%) . 

The volume of air was varied and the separation 
efficiency at different load factors was measured. The 
load factor (Ag^) is here defined as: 



1 Pg 
Vpl - 



A BA VPL ~ PG 

wherein Q g is the volume of gas per second (m 3 /s) , Afc a is 
the area of the test set up which is covered by the 
separator deck (40), P G is the gas density (kg/m 3 ) and P L 

is the liquid density (kg/m 3 ) . Figure 8 shows that for 
different load factor values between 0.05 and 0.19 m/s 
excellent separation efficiencies of above 80% and even 
above 90% are achieved (circles in Fig. 8 represent 
results of Example 1) . . 
Comparative Experiment A 

Example 1 was repeated except that the U-turn 
deflectors were removed resulting in a separation device 
as disclosed in US-A-43614 69 . The results are also 
presented in Figure 8 as the triangles. From the results 
it can be concluded that the gas-liquid separator 
according to the present invention shows improved 
separation efficiency when compared to the state of the 
art separator. 
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Example 2 

Example 1 was repeated except that water was supplied 
at a rate of 7.2 m 3 per hour. The results are. presented 
in Figure 9 as the circles. 
5 Comparative Experiment B 

Example 2 was repeated except that the U-turn 
deflectors were removed resulting in a separation device . 
as disclosed in US-A-4361469 . The results are also 
presented in Figure 9 as the triangles. From the results 
10 it can be concluded that the gas-liquid separator 

according to the present invention shows improved 
separation efficiency when compared to the state, of the 
art separator at the high liquid load as in Example 2 and 
Comparative Experiment B. 
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CLAIMS 

1. Gas-liquid separator comprising two or more 
vertically spaced rows of parallel horizontally spaced 
upwardly facing gutters, said gutters having an upwardly 
extending gutter wall/ wherein the upper end of the 

5 gutter wall is provided with a U-turn deflector. 

2. Separator according to claim 1, wherein the gutters 
are tilted* 

3-. Separator according to any one of claims 1-2, wherein 
the gutters have a V-shaped cross-sectional design. 

10 4. Gas-liquid separator vessel provided with a gas- 

liquid inlet and a liquid outlet at its lower end and a 
gas outlet at its upper end and the gutter separator 
according to any one of claims 1-3 between said gas- 
liquid inlet and gas outlet and further provided with 

15 means to transport separated liquid from said gutter 

separator to the liquid outlet. 

5. Gas-liquid separator vessel according to claim 4, 
wherein a coalescer is present between the gas-liquid 
inlet and the gutter separator. 

6. Gas-liquid contacting column provided with a 
plurality of horizontal contact trays arranged axially 
spaced apart in the column, wherein above a contact tray 
a gutter separator according to any one of claims 1-3 is 
present, said gutter separator further provided with 
means for removing liquid to a lower position in the 
column. 

7. Gas-liquid contacting column according to claim 6, 
wherein a contact tray is provided with a downcomer to 
transport liquid to a next lower contact tray. 



20 



25 



WO 02/074404 - 11 - PCT/EP02/03075 



8. Use of a column according to any one of claims 5-7 as 
a distillation or absorption column. 



WO 02/074404 



1/6 



PCT7EP02/03075 



Fig. 1 . fjwji rjwj) fjwp rp jT^j 



fjwji rjwj) fjwp rj^ 
Q Hi fn ft rn q m 



Fig.2. 





WO 02/074404 PCT/EP02/03075 

2/6 
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Fig.6. 
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